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Abstract 
This study investigated the prevalence of four developmental trajectories in toddlers’ 
phonology (persistent impairment, spontaneous catch-up, deterioration and age-appropriate) 
and the possible phonological differences between them. Forty-one toddlers were assessed 
twice at 6-month intervals. Their phonological abilities were evaluated both quantitatively 
and qualitatively. The results indicated that less than 17% of the toddlers with speech sound 
disorder caught up, even though some showed some improvement. No participant suffered 
any deterioration in speech. In terms of quantitative measures, toddlers with age-appropriate 
abilities differed significantly from those with speech sound disorders. No significant 
difference was found between the persistent and spontaneous catch-up groups. Toddlers who 
caught up spontaneously, however, produced no vowel errors, stopping, deaspiration or other 
unclassified atypical processes. Phonological patterns seem in fact to distinguish toddlers 
who catch up spontaneously from those who have persistent impairment. Clinical 
implications concerning timing and candidacy for intervention are also discussed. 
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Developmental Trajectories in Toddlers’ Phonology: Implication for  
Timing and Candidacy of Intervention 
 Speech sound disorder (SSD) is defined by the American Speech-Language-Hearing 
Association (ASHA; 2009) as failure to use developmentally appropriate speech sounds. This 
includes impairment in articulation and/or phonology. When identifiable etiology is absent, 
the impairment is termed SSD of unknown origin (Shriberg, 2003). 
 There is at present no apparently professional guidelines or credible evidence on the 
minimum age to offer intervention on SSD of unknown origin (McIntosh & Dodd, 2008). In 
the terminology from ASHA (2002), ―intervention‖ means providing focused stimulation, by 
speech-language pathologists or paraprofessionals, to alter specific behaviors. In clinical 
practice, intervention on SSD of unknown origin is generally recommended when children 
are three years old. For toddlers (younger than three years of age), a ―wait and watch‖ 
disposition (i.e., reassessment three to six months later, with or without suggestion for 
general stimulation) is advocated. One belief is that toddlers might grow out of their SSD as 
they mature. The efficacy of this approach is questionable. 
Diverse Patterns of Development among Toddlers 
 Developmental phonology research documents considerable variation in developmental 
trajectories among toddlers. Four trajectories based on previous longitudinal studies are 
summarized. 
 Trajectory one: persistent SSD. 
 Children with persistent SSD do not resolve their phonological errors under general 
stimulation. Their speech sound errors can only be corrected by intervention.   
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 Renfrew and Geary (1973) evaluated speech of 150 school-aged children with SSD at a 
six-month interval under general stimulation. Results indicated that impairment persisted in 
over half of the participants (54%). Zhu and Dodd (2000) followed seven preschoolers with 
SSD over an eleven month period without intervention. The results yielded a 71% 
SSD-persistent rate. Leahy and Dodd (1987) observed a toddler producing atypical processes 
from his first word until the age of 44 months. Little change was noted despite an increase in 
phone repertoire and vocabulary size. As a result the researchers suggested that SSD of 
unknown origin might involve impaired mental representation. In the case of impairment at 
cognitive level, the phonological system remains static from the early onset of speech.  
 Trajectory two: spontaneous catch-up. 
 Spontaneous catch-up is defined in this paper as changes in phonological behaviors 
from impaired to age-appropriate over time in the absence of intervention, when compared 
with their age-matched typically developing peers. Statistics regarding spontaneous catch-up 
of phonology varied in the literature from 17% to 78%. Among the available data, however, 
some participants were accompanied by language delay (Williams & Elbert, 2003), some 
were of elementary school age (Bralley & Stoudt, 1977; Dickson, 1962; Felsenfield, Broen, 
& McGue, 1992; Renfrew & Geary, 1973), some had undergone intervention (Shriberg, 
Kwiatkowski, & Gruber, 1994), and there was a small miscellaneous group of others (Zhu & 
Dodd, 2000). These data produce insufficient information to describe phonological changes 
in toddlers under general stimulation. 
 Trajectory three: age-appropriate speech. 
 Abundant longitudinal studies recorded phonological changes in typically developing 
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toddlers (e.g., McIntosh & Dodd, 2008; Watson & Scukanec, 1997). The participants 
maintain age-appropriate phonological abilities throughout the course of study.   
 Trajectory four: deterioration of speech. 
 Children following this trajectory experience changes from age-appropriate 
phonological abilities to phonological impairment over time. Little research reports 
deterioration of speech in children. Zhu and Dodd (2000) documented one occasion of child 
having age-appropriate processes at initial assessment. A non-age-appropriate phonological 
process was noted, however, at a follow-up assessment on the child reaching the age of 
four-and-a-half. 
Clinical Implication 
 With reference to the above possible trajectories of phonological development, it is 
difficult to determine an optimal time for intervention on SSD of unknown origin right after 
initial assessment. If clients have persistent SSD inevitably, intervention should be urged. If 
clients are likely to catch up spontaneously under general stimulation, intervention may not 
be needed. However, in the case of speech deterioration and the absence of monitoring, the 
toddlers might miss out on the necessary therapy. 
 Developmental trajectory should guide prognostic testing and treatment 
recommendations. If measures exist that might be used to confidently distinguish the 
trajectories immediately after initial assessment, earliest available time and suitable 
candidacy for intervention should ensue (Enderby& Emerson, 1996). 
 Promising evidence in this area is, however, lacking. Prediction research mainly focuses 
on phonological change before and after intervention. Shriberg, Kwiatkowski and Gruber 
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(1994) investigated the phonological performance of 54 children with SSD receiving 
intervention. They concluded that the occurrence of omission errors may well strongly 
predict possibilities for future speech improvement. Tyler, Lewis and Welch (2003) examined 
the predictor variables associated with speech improvement in preschool children. Error 
consistency was identified as the only factor related to the increase in phonological abilities 
after treatment.  
 No consensus had yet been reached on the predictive variables of spontaneous catch-up. 
Carter and Buck (1956) compared the effectiveness of nonsense-syllable repetition, 
spontaneous naming and speech sound imitation tests used as prognostic tools, 
nonsense-syllable repetition test being the most reliable than the other two tests for 
first-grader with SSD of unknown origin. When Renfrew and Geary (1973) examined ten 
predictive tests on school-aged children with SSD, the speech sound imitation test was found 
to be a reliable predictor. Law, Boyle, Harris, Harkness and Nye (2000) conducted a 
systematic review of natural change of SSD and pointed out the necessity to improve 
prediction of development for better clinical judgment. More recently, McIntosh and Dodd 
(2008) reported on the speech change over a period of one year in the case of five toddlers 
with subaverage phonological abilities. Atypical processes appeared to be more sensitive than 
percentage consonant correct in predicting phonological abilities within a year of testing. As 
a consequence, McIntosh and Dodd urge that more evidence needs to be sought to support 
their preliminary findings. 
 In conclusion, there exists at present no way to establish the toddlers who are least likely 
to attain age-appropriate phonology, those who will overcome impairment without 
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intervention and those whose speech will deteriorate. Lack of research support contaminated 
the ―wait-and-watch‖ deposition. 
The Earlier the Intervention, the Better the Outcome 
 Preschool phonological problems can have a substantial adverse influence on later 
linguistic-relating development (Felsenfield, Broen, & McGue, 1992; Lewis & Freebairn, 
1992). Research identified the age at which a specific intervention approach produces the 
best outcome; results indicated that the severity of impairment increases if treatment is not 
provided in preschool years (Broomfield & Dodd, 2005). Without timely intervention, 
preschoolers with SSD also manifest other language-relating disabilities (Gross, St Louis, 
Ruscello & Hull, 1985; Paul & Jennings, 1992; Rescorla & Rattner, 1996). Identifying 
suitable candidates for intervention as early as possible maximizes potential benefits. 
Aims of Study 
 To expand knowledge on timing and candidacy of intervention, the current study aimed 
to investigate the developmental trajectories in toddlers’ phonology. The study aimed to 
contribute to clinical judgment regarding the need for intervention and prognostic testing.  
 In short, the present study intended to answer the following research questions: 
1. What are the possible trajectories for toddlers’ phonology under general stimulation and 
 what is the respective prevalence? 
2. Is there any difference in the phonological abilities between toddlers following different 
 trajectories? If so, does this indicate a quantitative or qualitative difference, or both? 
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Method 
Participants 
 Forty-five toddlers (25 boys, 20 girls) were recruited in this study. They were recruited 
randomly from preschools in Hong Kong. All were native speakers of Cantonese. They had 
normal physical and psychological development and had no intellectual or hearing impairment 
reported by either teachers or parents. They also had normal language abilities as indicated in 
a standardized measurement test, the Reynell Developmental Language Scales: Cantonese 
version (RDLS-C; Reynell & Huntley, 1987). In initial phase, the participants ranged in age 
from 28 to 35 months (mean age = 32 months). An average of six months had passed 
between the two phases of data collection, four declining to participate in the second phase. 
The average age of the remaining 41 participants (22 boys, 19 girls) was 39 months, with a 
range of 34 to 41 months. No significant differences were noted regarding the initial age, 
speech and language performances between the 41 toddlers who did return for assessment 
and those who did not.  
Procedures  
 Two assessment phases were involved. A trained examiner collected data in the initial 
phase. The author conducted the procedures in the second phase. The author was blind to all 
previous results when evaluating the participants for the second phase. Each participant was 
assessed individually in a quiet, brightly lit room in the university clinic. Written parental 
consent was obtained for all participants. All speech samples were recorded using a Sony 
ICD-SX800 digital voice recorder with integrated microphones. The recorder was placed at 
mouth level about eight inches away from the participant’s mouth.  
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 Case history was taken from the participants’ caregivers in initial phase. The following 
procedures were adopted in each phase: 
 Initially, the investigator played with participants to build up rapport. Then speech task 
and language screening were carried out. The order of test administration was randomly 
assigned. Half of the participants received the speech task first and the other half received the 
language screening first. In the speech task, the participants were required to name photos of 
daily objects in the research version of the Cantonese Segmental Phonology Test (So, 1992). 
There were 57 four-by-five-inch high-quality color photographs. The test sampled all the 
consonants, vowels and tones in the Cantonese phonology. Each phoneme occurred at least 
twice. A hierarchy from Siegel, Winitz and Conkey (1963) was employed to elicit target 
phonemes. When the participants failed to name the objects spontaneously, a true-false 
binary choice was given. When the cue was unsuccessful, investigator provided modeling for 
imitation. The complete word list is attached in Appendix A. 
 For the language screening, the RDLS-C (Reynell & Huntley, 1987) was administered. 
This test provides standardized measures of receptive and expressive language development 
for children between the ages of one and seven years; the scales have significant positive 
correlation of language age with the chronological age of Chinese children (Au et al., 2004). 
Only participants performing above -1 standard deviation in both receptive and expressive 
parts are included in this study. The whole assessment process took approximately an hour. 
 The speech samples were transcribed phonetically by the author and a trained 
transcriber using the International Phonetic Alphabet. Whenever discrepancies occurred, both 
transcribers listened to the audiotape segments in question until consensus was reached.  
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Reliability 
 The data were transcribed independently by the author and a trained transcriber to 
evaluate interrater reliability. All data were retranscribed by the same transcribers about two 
weeks after first transcription to examine intrarater reliability. The intrarater reliabilities 
across transcriptions varied from 90% to 95%. The interrater reliability across transcriptions 
was 89%.  
Data Analysis   
 Developmental trajectories in toddlers’ phonology. 
 The participants were allocated to one of the four broad categories (SSD-persistent, 
spontaneous catch-up, age-appropriate and deterioration) according to their developmental 
trajectories of phonology across two data points. The developmental norm in So and Dodd 
(1995) was referenced as criteria for impairment status. Participants who had any non-age- 
appropriate phonological processes were classified as having SSD. 
 Phonological abilities of toddlers following different trajectories. 
 The following quantitative and qualitative measures of phonology were derived to 
examine any difference in the phonological abilities between toddlers following different 
trajectories: Percentage phoneme correct (PPC), percentage consonant correct (PCC), 
percentage initial consonant correct (PCiC), percentage final consonant correct (PCfC) and 
phonological processes. 
 For quantitative measures, percentage correct scores (PPC, PCC, PCiC and PCfC) were 
calculated by the formula (number of correct phoneme or consonants, initial consonant, final 
consonant divided by the total number of corresponding components in the sample x 100) (cf. 
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Percent Consonants Correct proposed by Shriberg & Kwiatkowski, 1982).  
 With regard to qualitative measures, two groups of phonological processes 
(age-appropriate and non-age-appropriate) in accordance with So and Dodd (1995) were 
assigned. Detailed procedures and criteria of the above measures are listed in Appendix B. 
Results 
Developmental Trajectories in Toddlers’ Phonology 
 Three developmental trajectories (SSD-persistent, spontaneous catch-up and 
age-appropriate) were identified in the present study. No participant had suffered any 
deterioration of speech. Among the 41 participants, 22 toddlers had age-appropriate 
phonological abilities at both phases of assessment. Nineteen toddlers were diagnosed to 
have SSD of unknown origin at their initial assessment, of whom only three caught-up at the 
second phase. The spontaneous catch-up rate was 16%. About 84% toddlers with SSD 
remained impaired throughout the course of study. Figure 1 gives a summary of the 
distribution in terms of percentage. 
Figure 1. Percentage of participants in each developmental trajectory of phonology 
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Table 1  
Means, Standard deviations, and Summary Group Differences for Initial and Follow-up 
Assessment Measures 
Variables 
Groups  Results
b
 
(1)  
SSD 
persistent 
(2)  
Spontaneous 
catch-up 
(3)  
Age 
appropriate 
F(2,38) 
Post-hoc comparison 
M SD M SD M SD 1vs.2 2vs.3 1vs.3 
 Initial Phase           
Age
a
 32 .22 31 .30 32 .23  0.07    
PPC 60 .14 64 .10 89 .08  32.79* .93 .00* .00* 
 Second Phase           
Age
a
 39 .23 38 .31 40 .21  1.21    
PPC 74 .12 84 .08 98 .03  39.65* .25 .15 .00* 
Note. PPC = percentage phoneme correct;
 a 
All age expressed in months; 
b 
* = p < 0.05  
 Table 1 summarizes the comparisons of toddlers following different trajectories on 
selected measures in both phases. At the initial assessment, SSD-persistent, spontaneous 
catch-up and age-appropriate groups were similar in age, receptive and expressive language 
abilities. One-way analysis of variance (ANOVA) indicated a significant between-group 
difference on PPC, F(2, 38) = 32.79, p =. 000, 2=. 65, indicating a medium effect. With 
equal variance and unequal sample size in each group, post hoc comparisons using Gabriel’s 
pairwise test procedure was chosen. Results showed that the age-appropriate group had 
significantly different phonological abilities when compared with the SSD-persistent and 
spontaneous catch-up groups respectively (p < . 05). SSD-persistent and spontaneous 
catch-up groups did not differ significantly on PPC measures (p = .93). 
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 In the second phase, the SSD-persistent, spontaneous catch-up and age-appropriate 
groups were similar in age and language abilities. There was a significant between-group 
difference on PPC, F (2, 38) = 39.7, p =. 000, 2=. 68, indicating a medium effect. In 
view of the unequal variance and group size, post-hoc comparisons using the 
Games-Howell procedure was chosen. Results indicated that the age-appropriate group had 
significantly different phonological abilities from the SSD-persistent group (p < . 05). No 
significant difference was found between the spontaneous catch-up group and both the 
SSD-persistent group (p = .25) and age-appropriate group (p = .15). 
Phonological Abilities at Initial Assessment 
 As no group of deterioration of speech was available, phonological abilities of the 
SSD-persistent and spontaneous catch-up groups at initial assessment were compared. 
 Quantitative measures. 
 Due to the small sample sizes in each group, a nonparametric test was selected, and as 
the data were obtained from two independent samples, the Mann-Whitney test statistic was 
used. The results are presented in Table 2. No significant difference between the 
SSD-persistent group and the spontaneous catch-up group was found at initial assessment in 
terms of quantitative measures of phonological abilities.  
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Table 2  
Means for observed variables from SSD-persistent group and spontaneous catch-up 
group at initial phase (standard deviations in parentheses) 
Quantitative 
Measures 
Groups 
 
Results 
SSD-persistent 
Spontaneous 
Catch-up 
U 
p-value  
(2-tailed) 
Sig.  
(p < 0 .05) 
         
PPC  60 (0.14) 64  (0.10)  19.5 0.62 ns 
PCC  73  (0.12) 75  (0.03) 19.0 0.58 ns 
PCiC  74 (0.12) 74 (0.05) 20.5 0.70 ns 
PCfC  69 (0.23) 80 (0.06) 18.5 0.54 ns 
        
Note. PPC = percentage phoneme correct; PCC = percentage consonant correct;  
PCiC = percentage initial consonant correct; PCfC = percentage final consonant correct;  
ns = nonsignificant. 
 Qualitative measures.  
 The individual performances of participants in SSD-persistent group and spontaneous 
catch-up group in initial phase are presented in Table 3. At the group level, no tonal errors 
were recorded. At the initial phase, age-appropriate processes such as affrication, final 
consonant deletion, fronting and delabialization; as well as non-age-appropriate processes 
such as gliding and final consonant backing appeared in both the SSD-persistent and 
spontaneous catch-up groups. Vowel errors, deaspiration, stopping and unclassified atypical 
processes were only found in the SSD-persistent group.  
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Table 3  
Individual performance of SSD-persistent and spontaneous catch-up groups in initial phase 
 
SSD-persistent group 
 Spontaneous 
Catch-up 
group 
 A B C D E F G H I J K L M N O P Q R S 
Developmental 
Process 
                    
affrication + +  + +  +       +    +   
FCD    +  +   + + + +  + + +  +  + 
fronting  +   + +   + + +     +  + + + 
delabialization    +   +    +   +  +   +  
deaffrication       +              
deaspiration  +  +  +     +          
stopping + +   + + + + + +   + + + +     
h-deletion      *               
vowel error   * *   * * *            
                    
Atypical Process                    
gliding     *   *   *  *   *   * * 
final consonant 
backing 
*    *  * *  *    *     * * 
backing   *                  
ICD                     
unclassified
a
 * * * * * * *   * *    *      
Note.  
FCD = Final Consonant Deletion; ICD = Initial Consonant Deletion 
+ = Age-appropriate process;  * = Non-age-appropriate process 
a
 examples of unclassified atypical process: /ts
h
/  [k], /w/  [m], /f/ [s] 
Phonological Abilities at Second Assessment 
 At the second phase, both the SSD-persistent and catch-up groups improved in 
percentage phoneme correct (see Table 1). Non-age-appropriate processes, e.g., vowel errors,  
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affrication and final consonant deletion, persisted in the SSD-persistent group. In contrast, 
the spontaneous catch-up group had a few age-appropriate processes only (see Table 4). 
Table 4  
Individual performance of SSD-persistent and spontaneous catch-up groups at second phase 
 
SSD-persistent group 
 Spontaneous 
Catch-up 
group 
 A B C D E F G H I J K L M N O P Q R S 
Developmental 
Process 
                    
affrication * *   * * *       *  *  +   
FCD      *  * * * * *   * *     
fronting  +        + +    +   +  + 
delabialization       +       +       
deaffrication    *                 
deaspiration  +                   
stopping  +  + + +  + + +  +    +     
h-deletion                     
vowel error   * *   * *             
                    
Atypical Process                    
gliding        *   *  *   *     
final consonant 
backing 
    *       *         
backing                     
ICD    *    *             
unclassified
a
  *         *    * *     
Note.  
FCD = Final Consonant Deletion; ICD = Initial Consonant Deletion  
a
 examples of unclassified atypical process: / kw
h
 /  [p], /m/  [p], /l / [t] 
+ = Age-appropriate process;  * = Non-age-appropriate process 
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Discussion 
Developmental Trajectories in Toddlers’ Phonology 
 Three trajectories of phonological development (SSD-persistent, spontaneous catch-up 
and age-appropriate) were identified in the present study. No participant had any 
deterioration of speech. This finding is consistent with most developmental research. 
Disordered phonology is present at speech onset (Leahy & Dodd, 1987). Deterioration of 
speech is very rare in SSD of unknown origin. 
Spontaneous Catch-up  
 Only 16% of the participants identified with SSD at the initial assessment were capable 
of spontaneous catch-up. This prevalence is similar to findings from Zhu and Dodd (2000) in 
which six preschoolers with speech sound difficulties were followed. Only one child outgrew 
the impairment, i.e., 17% catch-up rate. The present study further lends support to their 
finding with a relatively larger sample of participants. Inclusion criteria were studied more 
conscientiously in order to minimize confounding factors. 
 It should be noted here that other research has found a higher spontaneous catch-up rate 
(Bralley & Stoudt, 1977; Renfrew & Geary, 1973). The differences between the present 
study and these others may be related to the age of the participants, the general stimulation 
and the duration of study. Bralley and Stoudt (1977) followed the development stages of 60 
elementary school children with SSD for five years and found a 78% catch-up rate. Renfrew 
and Geary (1973) studied 150 children with SSD in primary grades over a period of six 
months. Nearly half of the participants (46%) were found to have caught up at the follow-up 
assessment session. Both of the above studies involve participants in primary grades who 
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have more mature cognitive abilities than toddlers. In addition, exposure to language in the 
classroom environment is likely to be far greater than family stimulation alone. These 
factors may relate to growth in word decoding abilities and reorganization of phonology 
system. However, contribution of maturational factors to spontaneous catch-up seems 
considerable only when children are six or older. Before six, children with SSD may have 
manifested communication disabilities and academic delay already.  
 Apart from cognitive growth and amount of environmental stimulation, other factors 
may contribute to spontaneous catch-up. Kwiatkowski and Shriberg (1993) proposed and 
examined a capability-focus theory to explain phonological learning. ―Capability‖ included 
two components – ―linguistic variables‖ indicated comprehension and production of 
phonology; the ―risk factors‖ referred to structural or functional constraints. ―Focus‖ 
described the motivation and participation of an individual. Results indicated that ―focus‖ 
was more sensitive to factors associated with intervention outcomes. This suggests that if an 
individual is unresponsive to stimulation in a natural environment, this may influence 
outcomes concerned with phonological learning. 
 Children may follow different paths in language acquisition (Vihmanm & Greenlee, 
1987). Based on a normative approach in assessment, the age-appropriateness of a 
phonological process may be judged by a 10% criterion arbitrarily in the normative sample. 
If anyone uses a process that is less than the 10% of the sample used in any given age band 
but in fact spontaneously catch up later, this would have been unnecessarily classified to 
have SSD.  
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 The sequence of speech sound acquisition may in fact vary individually (Shriberg, 
Gruber, & Kwiatkowald, 1994). The ―normal‖ sequence is only a probabilistic model. A 
minority of people may have their own phonological pathways in speech sound acquisition. 
For instance, participant R realized /l/ as [j] at initial assessment session. This process was 
considered as non-age-appropriate according to developmental norm. When a follow-up 
assessment was carried out six months later, however, that process had been eliminated. 
Participant R’s deviance from developmental norm may in fact reinforce the view on 
individual differences in speech sound development.  
 To summarize, cognitive growth, amount and responsiveness to environmental 
stimulation as well as individual difference in speech sound acquisition are possible 
contributing factors to spontaneous catch-up. The nature of these contributing factors and 
their relationships to spontaneous catch-up should be explored more closely in future studies. 
Phonological Abilities of Toddlers Following Different Trajectories 
 In terms of quantitative measures, statistically significant differences were only 
observed between toddlers with SSD and those with age-appropriate speech sound abilities. 
At the initial assessment, typically developing toddlers had about 90% PPC scores (ranging 
from 78% to 99%) at the word level, whereas toddlers identified as SSD had only about 60%. 
This large discrepancy may imply that a toddler with PPC scores under 78% is likely to have 
subaverage phonological abilities. Quantitative measures seem to be a suitable means of 
providing an overall impression of individual phonology. 
 A problem lies in the fact, however, that quantitative measures cannot differentiate those 
toddlers who will catch up spontaneously from those who suffer from persistent SSD. 
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Statistically significant differences were not found in the various quantitative measures of 
phonological abilities among the SSD-persistent and the spontaneous catch-up group. The 
results of this study are consistent with the findings of previous longitudinal studies (Dickson, 
1962; Shriberg, Kwiatkowski, & Gruber, 1994) as well as the research regarding 
phonological change (McIntosh & Dodd, 2008; Steer & Drexler, 1960; Tyler, Lewis, & 
Welch, 2003).   
 Quantitative measures fail to reflect, however, both the status and nature of impairment. 
Participant M, for example, had approximately 90% PPC scores at initial assessment, the rate 
being comparable with those of some participants in age-appropriate group. Nevertheless, as 
participant M had a non-age-appropriate phonological process, i.e., gliding, she was put in 
the SSD group. Likewise, participants H and S had about 71% PPC scores but were 
identified as having SSD at the initial assessment. Only participant S caught up 
spontaneously in the follow-up assessment. It seems that quantitative measures fail to 
describe different developmental trajectories. To distinguish impairment persistence and 
spontaneous catch-up, detailed analysis of phonological patterns might be needed. 
Possible Differentiating Variables of Persistence 
 Qualitative measures of SSD-persistent group and spontaneous catch-up group produce 
some interesting differences, namely they form a cluster of measures that seem to distinguish 
impairment persistence at the group level. 
 Vowel errors. 
 Vowel errors occurred only in the SSD-persistent group at the initial assessment. 
According to So and Dodd (1995), 90% of typically developing toddlers acquire all vowels 
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and diphthongs at the age of two. Vowel errors reflect a greater extent of delay than do 
consonant errors. Severe delay degrades their prognostic value. By using the capability-focus 
theory (Kwiatkowski & Shriberg, 1993), individual showing consistent vowel errors across 
contexts have only a weak ―capability‖ for phonological learning. As a result of their 
impoverished potential, spontaneous catch-up is less likely to occur following general 
stimulation. 
 Deaspiration. 
 Deaspiration was found only in the SSD-persistent group at initial assessment. In 
deaspiration, aspirated consonants are deaspirated, e.g., /t
h
/  [t]. In acoustic terms, aspirated 
and unaspirated consonants differ in terms of voice onset time (VOT), i.e., the duration 
period between the release of the closure of the articulators and vowel onset. Aspirated 
consonants have a longer lag time than do unaspirated cognate (Clumeck, Barton, Macken, & 
Huntingon, 1981). Similar to the voicing contrast phenomenon in English, aspiration contrast 
requires precise temporal coordination between laryngeal and oral structures. Deaspiration is 
considered as an age-appropriate phonological process for children under the age of 
three-and-a-half (So & Dodd, 1995). In spite of the gap in the age of acquisition, the ability 
to regulate VOT for perceivable phonemic contrast signifies increased mature speech motor 
control (Zlatin & Koenigsknecht, 1976). Toddlers who can produce aspiration contrast 
possess better equipped capabilities and have a higher chance of catching up spontaneously. 
 Stopping. 
 Stopping was observed in the SSD-persistent group but not in the spontaneous catch-up 
group. Stopping refers to the initial consonant substitution of a plosive for a fricative or an 
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affricate. Both fricatives and affricates share the feature of being continuants. The production 
of continuants involves a fine control of the constriction of articulators to produce a fricative 
noise. Developmental studies are unanimous that consonants with a continuant feature are 
difficult to acquire (Cheung & Abberton, 2000; So & Dodd, 1995). If toddlers can produce 
consonants with a continuant feature, they may have more mature neuromotor coordination 
and hence a better ―capability‖ according to the two-factor theory of learning.  
 Unclassified atypical processes. 
 Unclassified atypical processes were observed in the SSD-persistent group but not in the 
spontaneous catch-up group. The results are consistent with previous findings. Weiner and 
Wacker (1982) documented the spontaneous development in both three to five years old 
normal and phonologically disordered children over a period of one year. Results indicated 
that the phonology of disordered children showed little change over time. In one case study 
of disordered phonology (Leahy & Dodd, 1987), the atypical process had little change from 
21 months of age for the following two years without intervention. McIntosh and Dodd 
(2008) also documented two toddlers producing an atypical process at the age of two. 
Toddlers did not outgrow such atypical process in the course of a year. Consistent production 
of atypical processes may reflect weaker cognitive-linguistic abilities in deriving 
phonological rule than typically developing children (Crosbie, Holm & Dodd, 2009; Dodd & 
McInTosh, 2009).  
 In the process of general stimulation, speech sounds are not taught explicitly. In order to 
acquire speech sounds, toddlers must integrate visual and auditory inputs in their speech 
perception and analyze phonological rules in a natural language-learning environment. For 
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children possessing only weak cognitive-linguistic flexibility, stimulation must be 
emphasized through intervention. Focused stimulation, which introduces multiple exemplars 
of a specific target within a meaningful communication context, facilitates the extraction of 
phonological rules for toddlers. In the absence of focused stimulation, toddlers consistently 
producing unclassified atypical process are less likely to catch up spontaneously. 
 To summarize, vowel errors, deaspiration, stopping and unclassified atypical processes 
reflect an individual’s capability of phonological learning. A toddler making only a few 
vowel errors and unclassified atypical processes, but able to produce aspirated consonants 
and continuants, is very likely to catch up spontaneously.  
Clinical Implication 
 Timing of intervention. 
 The youngest participant in the present study is 28 months. His SSD has been observed 
to persist until the age of 36 months. This appearance of SSD at such an early stage suggests 
that toddlers with SSD of unknown origin may be identified as young as 28 months of age.  
 As many as 84% of the toddlers with SSD of unknown origin in this study having been 
identified at the initial assessment remained impaired over the whole period of this research. 
Maturation and general stimulation prove insufficient to lead to spontaneous catch-up. The 
―wait and watch‖ deposition immediately after the initial assessment amounts to a mere 
waste of time for more than 80% of toddlers. If intervention had been delivered, those 
toddlers with SSD might have developed better phonological abilities by the follow-up 
assessment. Early identification seems to produce greater potential benefits for most toddlers 
with SSD of unknown origin than does the ―wait and watch‖ approach. 
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 No participants had speech deterioration throughout the course of study. This further 
supports that screening of SSD of unknown origin before the age of three might be 
appropriate and the results should be sensitive. Based on the initial performance, toddlers 
with age-appropriate phonological abilities require no therapy. For toddlers identified with 
SSD at the initial assessment, further analysis of phonological processes may be needed to 
select those who are less likely to catch up spontaneously as suitable candidates for 
intervention. 
 Candidacy of intervention. 
 A cluster of phonological processes (vowel errors, deaspiration, stopping and 
unclassified atypical processes) seems to differentiate toddlers with persistent SSD and those 
who caught-up in this study. The nature of phonological processes may also have a link to 
laryngeal-oral movement control abilities and cognitive-linguistic abilities. These are 
components used to estimate individual capability in phonological learning. This information 
may help clinicians therefore to estimate whether a toddler catches up spontaneously without 
intervention. Based on the preliminary findings, if toddlers have consistent vowel errors, 
deaspiration, stopping or other unclassified atypical processes, they are less likely to catch up 
spontaneously by themselves than those who did not produce the above processes under 
general stimulation. Intervention immediately after initial assessment may maximize the 
potential benefits. 
Limitation and Future Study 
 Due to time constraints, the current study considered two data points only. It would be 
interesting, however, to investigate whether the spontaneous catch-up rate increases with a 
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longer increment. The present study does not exclude the possibility that the SSD-persistent 
group may have a slower rate of spontaneous catch-up. It is proposed that future study be 
made to follow up the long-term development of participants and a study to evaluate the 
predictive value of phonological processes on outcome is also strongly recommended. Any 
future study should involve a larger sample size than this study in order to increase the 
generalizability of the research results. 
 A common limitation among longitudinal studies is uncontrollable input and change 
between data points. It is impossible to control or measure language input or other forms of 
stimulation to participants from different sources. A future study may also interview the 
participants’ caregivers in order to gain more information on this aspect of the situation. 
Conclusion  
 Whether a client should be seen for intervention involves a difficult decision. Clinicians 
must consider various factors, e.g., the client’s receptive language abilities, attention and 
parental concerns. The present study provides additional information on developmental 
trajectories of phonology, the rate of SSD-persistent and the potential indicators that 
differentiate toddlers who catch up spontaneously as being distinct from persistent SSD. It is 
hoped that the findings in this study may help clinicians to make more efficacious decisions 
than is possible at the moment. 
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Appendix A: Items used in the Cantonese Segmental Phonology Test (Research Version) 
(So, 1992) 
1 /Nan13/  eye  30 /tAN55/ lamp 
2 /mAt2/  sock  31 /lei22/  tongue  
3 /lei25/ pear 32 /piu55/ watch 
4 /hai21/  shoe  33 /k
h
ei13/ stand 
5 /nAu25/  button  34 /hOi35/ sea 
6 /pEN25/  biscuit  35 /ji23/  ear  
7 /sAu25/ hand 36 /Na21/ tooth 
8 /kHAm21/  piano  37 /k
w
Ai55/  tortoise  
9 /wun25/  bowl  38 /pHun21/ basin 
10 /tsiu55/  banana  39 /tsUk13/  porridge  
11 /kAi55/  hen  40 /mau55/  cat  
12 /tHOi25/  table  41 /fu33/ trousers  
13 /kWHAn21/  skirt  42 /tsHy55/ blow 
14 /fa55/  flower  43 /jip22/ leaf 
15 /pHIN21 kWO25/  apple  44 /wON21/ yellow 
16 /tou55/  knife 45 /tHON25/  sweet 
17 /kWa55/ melon 46 /ts
h
E55/ car 
18 /jy25/  fish  47 /sy22/ tree  
19 /tsHON21/  bed  48 /jAm25/ drink 
20 /pa55 si25/  bus  49 /syt33 kou55/ ice-cream 
21 /tsHin55 tsHau55/ swing 50 /tin21 si21/ television 
22 /tin22 wa25/  telephone  51 /kJk33 pan25/  sole  
23 /min22 pau55/ bread 52 /sBy21 wu25/ kettle 
24 /pui55/  cup  53 /fai33 tsi35/  chopsticks  
25 /Nau21 nai13/ milk 54 /sAi55 k
w
a55/  watermelon  
26 /ap33/  duck  55 /sAi35 min22/  wash face  
27 /sBy25/  water  56 /hau21 fuk2 k
wh
An21/ uniform 
28 /kJk33/ leg 57 /nai13/ milk 
29 /kAu25/ dog    
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Remarks: 
 Due to changes in the present-day Cantonese phonology, the following productions were 
counted as correct (Yuan, 2001): 
Item Production Phonological Change Meaning 
1 /an13/ N  Ø  eye 
5 /lAu25/ n  l button 
15 /pHIN21 
kO25/ 
k
w
 k in context of rounded vowel apple 
25 /au21 lai13/ N  Ø , n  l milk 
36 /a21/ N  Ø  tooth 
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Appendix B: Quantitative and Qualitative Measures 
Quantitative Measures of Phonology 
Measures Formula to calculate 
Percentage Phonemes Correct 
(PPC) 
number of correct phonemes  
 
x 100% 
total number of phonemes in sample 
 
Percentage Consonants Correct 
(PCC) 
number of correct phonemes   
x 100% 
total number of phonemes in sample 
 
Percentage Initial Consonants Correct 
(PCiC) 
number of correct initial consonants  
 
x 100% 
total number of initial consonant in sample  
 
Percentage Final Consonants Correct 
(PCfC) 
number of correct final consonants  
 x 100% total number of final consonant in sample  
 
The procedures to determine the above measures are modified from Shriberg and 
Kwiatkowski (1982): 
 Sampling rules. 
1. Consider only target (e.g., initial consonants, diphthong, etc.) in words. Meaningless 
productions will not be counted. 
2. Consider the first production if target appears in the second or successive repetitions of a 
syllable. 
3. Accept self-correct production of target initiated by the participant spontaneously   
 Scoring rules. 
1. Target will be compared with adult norm to determine accuracy of production of a 
participant 
2. Target will be considered as incorrect if fulfills any of the following situations:  
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 Deletion   
 Substitution of another sound 
 Distortion   
 Addition   
 Dialectal variants 
Qualitative Measures of Phonology 
Phonological process is defined in accordance with So and Dodd (1995). 
 Two subtypes of phonological processes. 
 Age-appropriate processes  
 used by more than 10% of children at the same age group of the participant 
 Non-age-appropriate processes 
 used by less than 10% of children at the same age group of the participant but may be 
appropriate for children at younger age 
 used by less than 10% children at any age group 
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